Abstract: The objective of this study was to quantify the cortical bone thickness of the mandibular ramus to determine conditions related to sagittal split ramus osteotomy and placement of screws. The patient sample comprised 44 subjects of ages ranging from 46 to 52 years (mean age, 49 years). The cone-beam computed tomography was performed and realized 3 cuts in the third molar area (section A), 5 mm posterior (section B), and 5 mm posterior to the latter (section C). Measurement in the cortical areas of the superior and inferior levels related to mandibular canal and measurement related to the total width of the mandible was executed. Intraclass correlation coefficient with P G 0.05 was used. The result showed that the buccal and lingual cortical zone did not present statistical differences, and the minor value was 1.5 mm for each one. There were no differences in the superior and inferior cortical bone, and the total width of the mandible was between 15.9 and 8.5 mm in the anterior area, between 17.4 and 12.8 mm in the middle area, and between 18 and 8.8 mm in the posterior area. The distance superiorly to the mandibular canal presented a minimal SD with a mean of 8.5 mm in the anterior region, 10.6 mm for the middle region, and 12.5 mm in the posterior region. In conclusion, the cortical thickness of the mandibular ramus in the adult population is particularly strong and offers a good anchorage for screw insertion in sagittal split ramus osteotomy.
T he sagittal split ramus osteotomy (SSRO) is a common and successful technique used in oral and maxillofacial surgery for the treatment of certain mandibular discrepancies. 1 It is actually one of the most common surgical techniques to correct mandibular deformities including hypoplasia, hyperplasia, and asymmetries, because SSRO has numerous advantages, showing broad interface of the bone associated with stability and healing, presence of an intraoral approach without visible scar, and presence of some different options for osseous fixation.
Sagittal split osteotomies of the mandible are often stabilized by plate and screw, bicortical screw, or mixtures of this technique 2, 3 ; this situation has been related to substantially shorten the duration of intermaxillary fixation or even obviate it completely. 4 In this direction, the stability is recognized as an important factor for healing and function, and some studies show that the variation in the arrangement of screws in the mandibular ramus may influence the stability of SSRO. 5, 6 Cortical bone thickness has been shown to be one of factors affecting the screw pullout strength and, consequently, the holding power of the screw. 7 As cortical bone thickness increases, so does the screw pullout strength.
The measurement of mandibular ramus morphology using conventional methods has been reported in the literature, 2 but it has been indicated that further research of the anatomic relationship is needed; traditional x-rays are not useful to study bone volume, and traditional computed tomography (CT) has more x-ray dose than cone-beam CT (CBCT).
The adult population has an increasing interest in orthognathic surgery related to improve aesthetic and functional conditions; obstructive sleep apnea is associated principally to adult population being treated, with mandibular advancement being another reason for research in this age group.
The aim of this research was to quantify the cortical bone thickness of the mandibular ramus in adult population and relate to screw fixation and SRRO with CBCT.
MATERIALS AND METHODS

Selection of Sample and Scan Parameters
The patient sample comprised 44 patients of both sexes, who were selected randomly from patients at the Division of Oral and Maxillofacial Surgery and Division of Oral Radiology at Piracicaba Dental School, State University of Campinas, with ages ranging from 46 to 52 years (mean age, 49 years); this patients group is part of a large study with different age patients. Patients with any systematic disease and bone disorders were excluded, and only patients with complete dentition or with absence that does to exceed 1 tooth in each maxillary or mandibular arch were included. 
Measurement Procedure and Selected Point
For each cross-sectional imaging, the mandible cortical bone thicknesses (MCBTs) of 88 hemimandibles at 3 specific locations perpendicular to the sagittal plane of the body were evaluated. These sites were determined as vertical (coronal cuts) sections and identified with A, B, and C. The distance between each section was 5 mm (Figs. 1 and 2) and divided the bone into equal thirds, and the measurements were made at each superior and inferior section. In this landmark, the measurement selected for this research was in relation to cortical thickness of the buccal and the lingual side, total mandible thickness, distance of the mandibular canal to the superior point, and distance to the mandibular canal to the inferior point (mandible border).
The measurements were performed by 1 evaluator, and reliability was assessed using replicate measurements. Intraobserver reliability was estimated based on 2 measurements performed at the right and left sides of the mandible with a 20-day interval to avoid dilution of error. The final mean values of each measurement resulted from the average of the 2 measurements.
Statistical Analysis
Statistical analysis was performed by using SPSS software (version 16.0; SPSS Inc, Chicago, IL), and all data were expressed as mean and SD. The interclass correlation coefficient with analysis of variance was used for the intraobserver analyses concerning the quantitative indices. Differences between measures of the different subjects and sections (A, B, and C) were compared according the mean values, with P G 0.05.
RESULTS
The total thicknesses of the mandible showed that there are no statistical differences between sections A, B, and C (Table 1) ; the thicknesses in this section presented minimal variations because the SD was similar; on the other hand, the superior area presented more thickness than did the inferior area, and this situation was increased when the measurement was more posterior, presenting differences of 2.8 mm for section A, 5.1 mm for section B, and 5.9 mm for section C; however, there were no statistical differences.
For the buccal side (Figs. 3Y5) , the thickness of the cortical bone was homogenous for the 3 measurements in the superior and inferior areas with a mean close to 2.5 mm; there were no statistical differences observed between them.
The lingual side also did not present statistical differences (Figs. 3Y5) and showed similar situation on the buccal side: minimum, maximum, and mean cortical thickness more than 2 mm.
Vertical measurement showed distances to the mandibular canal and its relation for screw insertion; in the superior area (Table 2) , mean values of 8.5 mm in section A, 10.6 mm in section B, and 12.5 mm in section C were observed. For the inferior area (Table 3) , 
DISCUSSION
Methodology of Measurement
For the treatment of facial deformities, accurate measurement of a variety of osseous and soft tissue landmarks is necessary. Historically, panoramic image has been used for the evaluation of mandibular morphology, the problems related to this projection are recognized. 8 Previous studies suggest that projection geometry, focal plane shape, differential vertical and horizontal magnification, and operator error in patient positioning affect the utility of panoramic images to provide accurate measurements.
8Y16
Although conventional CT imaging provides higher accuracy with no significant difference between the measurement of actual landmarks or CT images, 17, 18 this projection presents relatively high x-ray dose and major economic cost. The introduction of low-dose, low-cost CBCT for oral and maxillofacial imaging holds the promise of overcoming these obstacles while providing more accurate craniometrical and diagnostic information than conventional radiographic techniques. 19 Economic cost of CBCT is covered by some health insurance and can be used in preoperative examinations in orthognathic surgery. Studies show that both two-and three-dimensional techniques can be used for the measurement of mandibular anatomy. However, an advantage of CBCT measurement is that it does not present a significant influence by variation of skull orientation during image acquisition. 19 
SSRO Considerations
Sagittal split ramus osteotomy is the most common surgical technique in mandibular surgery. By definition, SSRO is superior to inferior alveolar nerve, and the osteotomy should be performed at the cortical level; when starting the osteotomy in the more posterior region, it is suggested to not go deeper than 8 to 10 mm into the mandible. 6 Based on the result of this research, for a safe osteotomy, the saw could be submerged a minimum of 8 mm in sections B and C and a minimum of 2.5 mm in section A, to permit adequate weakening of the mandible with total security for no lesion of inferior alveolar nerve (in the saw cut).
Our results are in agreement with Smith et al, 2 with a mean vertical distances from the inferior border to the inferior aspect of the canal of 7.8 mm in the second molar area and 8.4 mm in the third molar area ( Table 2 ). The minimum value in section A was 6.51 mm. For complete vertical osteotomy in the anterior area, a minimum distance of 9.1 mm with a mean of 16.3 mm is necessary.
Osteosynthesis Considerations
The osteosynthesis was a revolution in maxillofacial surgery when Spiessl, in 1976, recommended 2 screws placed at the external oblique ridge and 1 screw placed near the inferior border for cases of SSRO. 20 Since then, several biomechanical studies have appeared in the scientific literature that compared different forms of stable internal fixation. 1, 21 The biomechanical functions of rigid fixation systems, clinically, depend on the interaction between all 3 components, which are plate, screws, and bone. A bone-plate-screw system requires precise adaptation of the plate to the underlying bone. 22 Without that intimate contact, the tightening of the screws could mobilize the bone segment toward the plate and result in alterations in the position of the segments and the occlusal relationship. Other options of fixation are related to positional bicortical screw that permit stability and function without plate, decreasing the risk associated to no adaptation of plate.
Some published studies have reported the reversed ''L'' arrangement to be the most resistant bicortical fixation 5,23Y26 ; however, no register of statistical significance is available when compared with the linear arrangement at a 90 degrees. 6 One 27 is the most fragile owing to the low bone thickness and increasing the stress concentrated around the attachment system screws.
With bicortical screw, the threads of the screw should engage in the buccal side as well as in the lingual side. Obeid and Lindquist 27 developed an anatomic study of human cadaveric mandibles to assess bone thickness and showed that the thickest cortical bone on the buccal area was in the superior border of the ramus, just distal to the last molar. These results oriented other mechanical experiments about the best bone available for the placement of bicortical screw. 28 Invariably, the posterior region was indicated as the region of choice to provide the best quality and width of bone. In our results, no statistical significance was shown between the thickness of the buccal and lingual cortical zone; different results were reported by Smith et al, 2 although this difference in the measurement of cortical bone can be explained by the greater accuracy in the measurement obtained by CBCT; on the other hand, our results demonstrate that the cortical plates (buccal or lingual) showed no significant differences in the thickness of the superior or inferior border of the mandible. Cortical bone thickness has been shown to be one of many factors affecting screw pullout strength and, consequently, the holding power of the screw. 7 As cortical bone thickness increases, so does the screw pullout strength. In this direction, based on our result, bicortical screw presented 3 mm at least for insertion in the cortical area and a minimum 9-mm length to cover the full width of the mandible in the superior area. If a gap is observed between the distal or proximal segment, more screw length is necessary.
CONCLUSIONS
The cortical thickness of the mandibular ramus in the adult population is particularly strong and offers a good anchorage for SSRO using osteosynthesis screws independently of the osteosynthesis technique.
